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SUMMARY 

This report describes measurements of the ratios of the amplitudes of wanted 
and interfering signals which produce a particular subjective grade of interference. 
The measurements were made in order to ascertain the required protection ratios for 
mutual interference between two stations each operating on any of the three television 
standards at present in use in Western Europe; 405 lines, 6S5 lines and 819 lines all 
with 50 fields per second. 

The results show that, if the frequency difference between the wanted and 
interfering carriers can be maintained with a stability of less than 2 c/s (precision 
offset), each of the three wanted signal standards require the same protection. In 
these conditions there is an advantage of up to 6 dB in having negative modulation 
for the wanted signal. If the offset frequency cannot be maintained to within a few 
cycles per second, the required protection is smaller for the systems with the greater 
number of lines per field. 

A comparison between 525 lines, 60 fields per second and 625 lines, 50 



fields per second is includedo 



lo INTRODUCTION 

Many workers have published the results of measurements of the relative 
amplitudes of a wsmted television signal and an interfering signal for a given 
subjective grade of interference. Most of these measurements have been concerned 
with interfering signals which were either unmodulated, modulated with tone or 
modulated with a television signal having the same line- and field-frequency as the 
wanted signal. The measurements to be described here were carried out in order to 
examine more carefully the effect of the modulation carried by either the wanted or 
the interfering signal; to answer, for example the questions: 

(a) What is the effect of the polarity of the modulation of either signal? 

(b) What is the effect of the number of lines per field? 

(c) What difference does it make if the two field frequencies are not 
exactly identical? 



2. THB HXPIRIMINTAL PROOBDDRS 

2.1 The Test Condi ticais 

The subjective assessments were made by sixty obsenrers, men and women, 
who were not directly concerned with work in the television laboratories. These 
observers each meide assessments for a period of about one half— hour on about twelve 
occasions — not more frequently than once in any one week. 

Most of the measurements were made with the waated "programme" consisting 
of a still picture obtained from a 34 by 34 in (82*6 x 82*6 mm) flying-spot slide- 
scanner. Fig. 1 shows the picture used. A few measurements were made with the 
wanted "programme" consisting of motion pictures obtained from a 86 mm flying-spot 
teleoine machine, so that the effect of movement in the wanted picture could be 
assessed. 

The observers were seated in groups of five at ^ time in front of a receiver 
and distant from it between four and six times the picture height. All the receivers 
had picture tubes with a 21 in (53 cm) diagonal and were adjusted to have a peak 
brightness of about fifteen foot— lamberts with an ambient illumination of about one 




Fig. I - Still picture used for tests 
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half foot-lamberto The observers were asked to assess the subjective grade of 
interfereaoe presented to them, using a six— point soale, whioh will be described in. 
Section 2o 80 The assessments were individual, no 00-operation or discussion of the 
effects being permitted during the test periodo Bach observer wrote his or her 
assessment against the appropriate test number on a form provided for this purpose. 
No instruction was given to the observers to assume that the interference was present 
for only part of the time; they were presented with the interference condition for 
about a half minute and were asked to assess its subjective effect. 

In order to restrict the number of measurements made in this manner, some 
preliminary tests of an exploratory nature were cairried out. These were made by six 
experienced observers each operating a two— position switch whioh was held in the hand 
and used to indicate whether the assessment was favourable or unfavourable. By means 
of a meter the test supervisor was able to observe the proportion of favourable 
assessments. By adjustment of the interference level he could quickly find the ratio 
of signal amplitudes corresponding to the median, assessment. This procedure helped 
to restrict the range of interference conditions over which the larger-scale tests had 
to be made. 

A small number of tests were made in whioh two picture monitors were used 
and the observers were asked to indicate when the different interference conditions 
shown on the two monitors were equally visible. These tests were carried out in 
order to provide some cross-checks on the results of the main series of tests. 

The assessments were made with the wanted signal unaeoompaaied by a sound 
Carrier although such a carrier was sometimes used in order to assist the correct 
tuning of the receivers. 

The amplitude of the wanted signal was adjusted to produce a fringe-area 
signal-to-noise ratio in the displayed picture. The ampliliude of the d. a.p. 
Composite signal was greater than that of the r.m. s. noise in the video stages by 
27 dB for a 405-line receiver, 29 dB for a 625-line receiver and 31 dB for an 819-line 
receiver. A number of tests were also made with high signal- to— noise ratios. It 
was found that noise tended to mask the interference pattern. The extent of this 
masking was such that the amplitude of the interfering signal could be some 2 dB 
greater when the noise was present. 

2. 2 Description of Apparatus 

The picture sources available included: 

(a) A 405-line 35 mm flying-spot film-scanner. 

(b) A 405-line 34 x 3A in {8g» 6 x 88' 6 mm} flying-spot slide-scanner. 

(c) A 6S5— line caption— scanner. 

(d) A multi-standards flying-spot scanner for either 35 mm film or 
34 X 3A in -(82'6 X 8g"6 ram) slides ^ This scanner could operate 
on anj of the required standards. 

(e) A 405-line monosoope channel producing a Test Card "0" waveform. 



Measurements oould be made with any one of the three staadax'ds as the wanted signal 
and any one of them as the interfering signal with the exception of an 819— line 
sigaskl interfering with sm 819-line signals In addition, two oamera channels were 
available for a short time. These were Ai in (114 mm) image orthicon channels^ one 
operating on one of the 'Biiropean standards (625 lineSj 50 fields per second) and the 
other on the DoS„ standard (5S5 linesj 60 fields per second). A comparison between 
these standards was made= 

The receivers were^ 

(a) Two similar, good domestic receivers produced in the U„K. for the 
405-line system. 

(b) Two similar, good domestic receivers produced in Holland for the 
6S5— line systemc. 

(c) Two similar, good domestic receivers produced in France for the 
819-line system. 

These receivers were, of course, all of the vestigial-sideband type, but 
the modulated signals used in the tests were double— sideband,. Some of the tests were 
repeated with vestigial— sideband filters Included in the modulator output circuits, 
in order to check the effect of the unwanted sidebands^ No difference was observed. 



The 405-line receivers were capable of operating with either flywheel or 
hard-lock line synchronization „ Comparison of the two methods of synchronization 
showed that, when a low-frequency component was present in the video interference 
beat-note, the flywheel synchronizing circuit increased the susceptibility to inter- 
ference. On the other hand, when the frequencies involved were too high for the 
time— constant circuit to follow, the flywheel operation proved an advantage. The 
differences in the protection ratios required with the two circuits is never greater 
than 2 dB, and is felt to be negligible in general effect. 

Pig. 2 shows the general circuit arrangement. The carrier of the wanted 
signal was generated by a crystal oscillator and could be controlled in frequency over 
± 100 c/s by means of an a.f.c. circuit. This enabled the offset (i.e. the frequency 
difference between the two carriers) to be locked accurately to a sub-harmonic of the 
line-scan frequency or to a low— frequency oscillator which could be easily and 
accurately adjusted over a small range of frequencies. The carrier frequencies used 
for the wanted signal were 

61° 75 Mc/s (Channel 4) for the 405-line receiver 

62*25 Mc/s (Channel 4) for the 62&-litte receiver 
65"55 Mc/s (Channel 41 for the 819-llne receiver 

The interfering carrier was generated by means of a stable frequency synthesizer for 
most of the tests but this was replaced by a standard signal generator for certain 
tests. Considerable care in the layout was necessary in order to reduce crosstalk 
between the signal sources to an invisible level. 
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Fig. 2- Block schematic diagram of equipment arrangement 

8.3 The Subjective Criterion 

The subjective scale used for the tests was'. 



1. larpereeptible 

i3<. Just perceptible 

3. Definitely perceptible but not disturbing 

4o Somevfeat objectionable 

5o Definitely objectionable 

(So Unusable 

The results of the measurements were expressed in terms of the ratio of the 
signal amplitudes (protection ratios) corresponding to a median assessment about the 
threshold of disturbance or annoyance, i„e<. 5O56 of observers returned an assessment 
which was neither objectionable nor disturbing. This six-point scale has the marked 
advantage that the grades 1, 2 and 3 are defined in terms of perceptibility with the 
proviso that the interference is not disturbing. The other three grades are in terms 
of disturbance or annoyance.. An even number of grades has an advantage over an odd 
number if the results are required in the form of a median vote based on the middle 
of the scale; the votes are automatically divided about the mid-point. If an odd 
number of grades is used the treatment of votes in the middle grade poses a problem, 
since these cannot be divided correctly without first examining the distribution. 
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relatively low-visibility interference pattern which occurs lAen the offset is near an 
integral odd multiple of half the line frequency. This offset relationship, as 
Behrend^ and others have showttj, results in a material reduction of the required pro- 
tection ratio. This reduction is about 13 dB at offsets less than about 0*5 Mc/s 
and drops to 6 dB at about 3*0 Mc/So Curve C shows the protection ratio for an 
interfering television signal with the offset adjusted to be near an integral multiple 
of line frequency to produce the most obvious interference pattemo The protection 
ratios at small offsets are some 3 or 4 dB less than those required for CoW, inter- 
ference. This is because the nominal power of a television transmission is, by 
convention, taken to be the peak power, which is much greater than the mean powero 
Curve D shows the protection ratios for television-modulated interference with the 
offset equal to an odd multiple of half the line frequency. 

For small offsets the curves apply equally for positive or negative modu- 
lationo Individual pictures produce different levels of interference when modulated 
negatively or positively on the interfering carrier but the results of tests using a 
large number of slides and moving pictures show that, in general, the effect of the 
unwanted modulation is negligible. 

The polarity of the modulation used for the wanted signal does, in certain 
circiunstances, affect the protection ratio required for large offsets. Before 
examining these circumstances it is advisable to consider the subjective effects of 
the interference. 

The interference patterns produced on the screen of a receiver are made up 
of three main compon«its; 

(a) The "principal primary" pattern produced by the frequency difference 
between the wanted and interfering carriers. 

(b) The "subsidiary primary" patterns produced by the frequency differences 
between the wanted carrier and the interfering sidebands. 

(c) The "secondary pattern" produced by cross-modulation. 

Of these, the primary patterns are the most important but they can be rendered con- 
siderably less visible by the use of a large offset to produce a fine pattern or by 
arranging that successive field patterns partially cancel one another. As a result 
of these primary patterns being made less visible the predominant component can be 
the secondary pattern caused by cross-modulation. The secondary pattern, which is 
caused by two sources of non-linearity in the receiver, takes the form of a "square- 
law" version of the interfering modulation, which is cross-modulated on to the wanted 
carrier. It can be shown^ that the two sources of non-linearity, the envelope- 
detector and the cathode-ray tube, reinforce each other in producing the secondary 
pattern if the receiver is designed for use with positive modulation, but partially 
cancel in negative— modulation receivers. If the primary patterns have been made 
sufficiently faint for the secondary patterns to predominate, the protection ratios 
for negative-modulation receivers can be as much as 6 dB lower than those for positive- 
modulation receivers. These effects account for some of the differences between the 
protection ratios at eirtreme offsets shown in Pig. 4. 

Pig. 5 shows the required protection ratio for a 405-line receiver sub- 
jected to interference from an unmodulated carrier or from a carrier with audio- 
frequency amplitude modulation. Curves are shown for the integral— line, and the 
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Fig. 5 - Protection ratios required for C.W. and A.M. 
sound interfering signals 

half-line conditions of offset. The measurements were made using an audio signal 
consisting of a music programme adjusted to modulate to 100* on peaJts and were re- 
peated with a 1000 c/s sinewave modulating to 40*. For offsets less than 1-5 Mc/s 
the primary patterns predominate and there is no difference between the protection 
ratios required for the c.w. signal and those required for amplitude modulation. 
This Is not surprising because the mean amplitudes of the components producing the 
primary patterns are the same in both cases. The secondary patterns produced by 
the amplitude-modulated interference become significant, with positive modulation, 
at offsets in excess of Z' Z Mc/s for the integral-line condition and 1' 5 Mc/s for the 
half-line condition of offset. The limiting protection ratio required at large 
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offsets is 88 dB= Negative-modulation receivers are not subject to this limitation 
by tte secondary patterns lontil the required protection ratio has fallen to 22 dB. 
This is the same protection ratio to which the a. g,c, circuits limit positive-modu- 
lation receivers with full d, c. response, even if the interfering signal is unmodu- 
lated. 

Fig. 6 shows an attempt to extend the results to include a colour trans- 
mission interfered with by an xinmodulated carrier. The curve for a 405-line, 
positive— modulation, monochrome transmission subjected to c.w. interference at 
integral-line offsets has been modified by the addition of a correction curve. The 
correction curve is the result of previous measurements* to find the increase of 
protection ratio for a colour signal compared with a monochrome signal. The compo- 
site curve shown in Fig. 6 applies for the case lAiere the offset has been adjusted 
to produce the most obvious interference within a range of ± 5 kc/s. 

3.2 Co-Channel Interference with Small Offsets 

Measurements were also carried out to examine in detail the effect of 
varying the offset from zero to a frequency equal to that of the line scan. 

Fig. 7 shows the protection ratio required for an unmodulated carrier inter- 
fering with each of the three standards of wanted signal, 405, 625 and 819 lines. 
For these measurements the offset was adjusted to produce the most obvious inter- 
ference pattern within a range of plus and minus 25 c/s ( "precision— worst" offset). 
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interference 



With zero offset the interference produces a change of brightness dependent upon the 
relative phase of interfering and wanted carriers. If the offset is increased, the 
interference produceSj first a brightness flicker and finally horizontal bands of 
alternate light and dark shadings The most objectionable pattern appears to corres- 
pond to an offset of about 600 c/s| it consists of about ten pairs of light and 
dark horizontal bands moving up or down at such a speed as to traverse the picture in 
about ten seconds,. Increasing the offset results in a greater number of bands each 
having smaller area and, therefore j lower visibilityo The number of bands is detei^ 
mined by the relationship between the offset and field frequencies and is independent 
of the number of lines per field until the number of bands becomes comparable with 
the number of lines. 



Pigo 7 shows that for offsets less than 4 ko/s the three standards require 
the same protection ratios,. Beyond 4 kc/s the curve for the 405-line receiver 
begins to flatten and reaches an optimum at an offset equal to half the line frequencyo 
Above this offset the required protection ratio increases to a second maximum near to 
line— frequency offset. Similarly, the 625— line and 819-line curves show optima at 
offsets equal to half their respective line frequencies. The 819-line receiver is 
capable of producing the least visible interference patterns and can therefore operate 
with the lowest protection ratio. In the tests it was found that the 819— line 
receivers became difficult to adjust for stable line— scan synchronization when the 
interfering carrier exceeded a level 26 dB less than the wanted signal amplitude. 
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Pigo 8 shows similar information except that the interfering carrier is 
modulated with a television picture waveform. For offsets less than about 3 kc/s 
the curves coincide and are some 4 dB lower than the corresponding curve for c< Wo 
interference, Figo 7» At offsets greater than 3 kc/s the curves diverge and are 
identified by two numbers separated by a soliduSo The first number represents the 
wanted-signal line— standard and the second represents the interfering standard., Fig. 
8 shows thatj at offsets near to 5 kc/s, the 405-line signal requires a greater 
protection against interference from a 625-line signal than from either a 405— line or 
an 819-line signal. Similarly, at offsets around 10 ke/s, an 819— line signal 
requires a greater protection against a 405-line interference, than against a 625- 
line interfering signal,. These differences are caused by the relative visibilities 
of the subsidiary primary patterns o 

If the interfering signal is unmodulated, and the offset is harmonically 
related to the line-scan frequency, a pattern of vertical bands of alternate light 
and dark shading is superimposed on the received picture^ The widths of these 
bands are determined by the order of the harmonic relationships the visibility of 
the bands has a rather flat maximum at widths of about one— twentieth of the picture 
widthp If the interfering signal is modulated, the resulting sidebands will beat 
with the wanted carrier to produce subsidiary primary patterns. These patterns have 
a visibility »A.ich varies periodically as a function of the frequency difference 
between the wanted carrier and the particular interfering sidebands producing the 
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patterns; a peak of visibility is obtained when this frequency difference is near 
to being harmonically related to the wanted line-scan frequency. When the two 
signals have the same line-scan frequency all the subsidiary patterns have a maximum 
visibility at those offsets which cause the primary pattern to have maximum visi- 
bility. If the signals have different line— scan frequencies the subsidiary patterns 
may, as in the case of 685— line interference with a 405— line signal, have maxima 
which are so displaced in offset that there are always some components near to 
maximum visibility. This accounts for the fact that the minimum protection ratio 
for this case, shown in Fig. 8 by the curve 405/685, is greater than for the case 
where the interference is a 405- or even an 819-line signal. The case in which the 
interfering signal has a line-scan frequency exactly twice that of the wajated signal 
could apply to an 819-line signal, locked to a mains frequency half per cent low, 
and interfered with by a 405-line signal locked to a mains frequency half per cent 
high. The minor peak in the 819/405 curve of Pig. 8 at 10*85 kc/s offset can be 
explained with the aid of the simplifying assumption that a television signal has a 
spectrum consisting essentially of components spaced at multiples of the line-scan 
frequency. The subsidiary patterns produced by the even-order sidebands of the 
interfering signal will all have peaks of visibility at the same offsets as produce 
peaks of visibility of the primary pattern. The odd-order sidebands will differ 
in frequency from the wanted carrier by integral multiples of the wanted line-scan 
frequency only when the offset is an odd multiple of half the line-scan frequency. 
This will cause all the odd-order sidebands to produce patterns that have maxima 
of visibility whenever the patterns produced by the unwanted carrier and its even- 
order sidebands are at minimum visibility. The facts that the two nominal line- 
scan frequencies are not in exact two— to-one relationship and the spectra are more 
complex than was assumed, do not affect the result materially. 

Small-scale tests conducted with large offsets were carried out using a 
405-line signal locked to mains frequency interfering with an B19-line signal having 
crystal-controlled scan frequencies. This made it possible to maintain a stable 
relationship between the offset and the wanted line-scan frequency. In these 
conditions the minor peak was obtained at each offset, up to about 1 Mc/s, that was 
an odd multiple of half the wanted line-scan frequency. The required protection 
ratio was about 10 dB less than that at the nearest offset that was a multiple of the 
line- scan frequency. Offsets that were odd multiples of one-quarter of the wanted 
line— scan frequency produced a further reduction of 6 dB in the required protection 
ratio. 



The tests were repeated with the 819-line signal locked to mains frequency 
instead of to a crystal-controlled signal. The reduced stability of the wanted line- 
scan frequency caused the minor peak to become less obvious as the offset was increas- 
ed. The ratio 

Protection ratio required for an offset of (n + 1/8) times the line-scan frequency 
Protection ratio required for an offset of n times the line-scan frequency 

is shown in Table 1 for various values of n. 
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TABLE 1 
Protectioa Ratios for 819-liiie wanted and 405-line interfering signals 



Offset freqaency 


half-line protection ratio 


Line-scaa frequency 
(n) 


integral-line protection ratio 
(dB) 


5 
32 
50 


-12 
-13 
-14 



It is of interest to note that the modulation components, or sidebands, of 
the wanted signal do not materially affect the interference patterns. This is 
because, in general, the amplitude of the wanted signal is at any instant larger 
than that of the interfering signal and therefore does not modulate the beat .frequency 
component. Even if the amplitude of the interference were affected by the amplitude 
of the wanted signal, any changes in the vision interference pattern intensity would 
be coincident with changes in the brightness of the wanted picture, and would not be 
obvious. The results for a 405-line signal interfering with an 819-line signal, 
shown in Fig. 8, are in agreement with those of Vigurs,* although his results were 
obtained using comparison measurements made with a somewhat lower level of inter- 
ference. 

3.3 Precision Offset 

It is well known that the visibility of an interference pattern is con- 
siderably affected by the relationship between the difference-frequency (offset) 
and the field frequency of the wanted signal. If the offset contains an exact 
number of half cycles in each wanted field period, a stationary pattern will be 
produced. The pattern can be arranged so that successiive fields reinforce each 
other or so that they tend to cancel each other. There is a very material difference 
in the visibility of the pattern in these two conditions. In determining the 
offset conditions for the partially cancelling sequence of patterns ("precision- 
best" offset) it must be remembered that the start of successive fields is displaced 
in the raster by half a line. If half a line period contains an even number of 
half cycles of the offset frequency, the successive fields must commence with 
opposite polarities of the difference (offset) waveform. If half a line contains 
an odd number of half cycles, the successive fields must begin with the same polarity. 
Hopf* has ejcpressed this in mathematical form as follows: 

Offset for minimum visibility = ra/^ ± (2n + ±)fp for (2n + l)fp < fj^/Z 



where n and n are positive integral numbers 

and /^ and /„ represent the line— scan and picture repetition frequencies respectively. 
The offsets midway between the values for minimum visibility produce a stationary 
pattern of high visibility. During the tests, which were made with still pictures 
for the wanted programme, it was found that this stationary pattena could be made 
more obvious by changing the offset by some 4 c/s. This caused the pattern to 
move slowly up or down the picture. 
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Figo 9 shows the required protection ratio for CoW. interference with 
each of the three standards as the wanted signal. The continuous lines show the 
results of measurements made with the offset always adjusted to produce the most 
obvious Interference pattern., The broken lines represent the precision— best offset 
conditionSo It was found that these values of offset had to be maintained within 
one or two cycles per second of the precise frequency to prevent the interference 
patterns from becoming visible. 

As mentioned before, the 819-line receivers required very careful adjust- 
ment of the synchronizing controls if the interfering signal exceeded the amplitude 
corresponding to a protection ratio of S6 dBo 

Fig» 10 shows the protection ratios required for the precision— best and 
"worst" offsets for each of the wanted standards interfered with by television signals. 

The differences between the protection ratios required for the precision- 
best and -worst conditions are shown as functions of offset in Fig. 11. These 
differences are extracted from Fig. 10. 

Figs» 12, 13 and 14 show the information for three wanted standards, 405, 
625 and 819 lines respectively, extracted from Fig. 10. 




5 6 7 

OFFSET FREQUENCY, kc/s 



Fig. 9 - Protection ratios required for C.W. interference with 
"Precision Worst" and "Precision Best" offsets 
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Fig, II - Reduction of protection ratio for "Precision Best" offset relative 

to "Precision Worst" offset 
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Fig. 12 - Protection ratios required by a 405-line transmission for modulated 
(TV) interference with "Precision Worst" and "Precision Best" offsets 
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Fig. 13 - Protection ratios required by a 625-line transmission for modulated 
(TV) interference with "Precision Worst" and "Precision Best" offsets 
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Fig. m ■= Protection ratios required by an 819-line transmission for modulated 
(TV) interference with "Precision Worst" and "Precision Best" offsets 



3o4 The Effect of Movement in the Wanted Picture 

The measurements described so far had all been made with a still picture 
for the wanted programmeo In order to assess the effect of having both some interest 
and some motion in the wanted programme, a small-scale set of measurements was made 
with the wanted programme consisting of a short excerpt from a motion picture^ 
These excerpts lasted for a few minutes and consisted of self— contained sequences 
of events e<,g<, parachutists preparing to jump and then leaping into spacej a man 
approaching a motorcycle, starting the engine and driving away. 



The assessment was made on the complete excerpt. The results indicate 
that for coarse patterns, or for brightness flickering caused by very low beat 
frequencies, the effect of movement in the wanted picture is negligible. As the 
pattern becomes finer, the effect of movement in the wanted picture is to mask the 
interference slightly,. The results are shown plotted in Fig. 15.. The improvement 
shown only applies vdien the interference pattern is largely determined by the inter- 
fering carrier^ If, for instance, a 405-line signal were interfered with by another 
television signal with an offset of 5 kc/s and the level were such that coarse 
patterns due to cross— modulation effects were present, the reduction would not apply 
to these coarse patterns „ 
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Fig. 15 - Reduction of protection ratio resulting from masking of the 
interference by motion in the displayed picture 

3o5 Comparison between the 625-line and t'iie 525-lin.e Standards 

A small number of measurements was made to compare the protection ratios 
required at close offsets by a 625-line, 50 field signal subjected to CoWo inter- 
ference and a 525-linej 60 field signal also subjected to cWo interference,, The 
results are shown in Fig» 16. The measured points are shown in addition to curves 
derived by interpolation of other results,. ^ It will be observed that the 525/60 
receiver requires a larger protection at offsets greater than 1 kc/s„ The inter- 
ference patterns consist of horizontal bands„ The 525/60 receiver; having a higher 
velocity of vertical sean^ reproduces these bands as a more coarse and therefore more 
obvious pattern than does the 625/50 receiver^ In addition to this effectj the 
vertical dimensions of the horizontal bands at the optimum offset, half line fre- 
quency, are a function of the number of lines in each picture because each half 
cycle of the interference is reproduced by only one scanning line„ The pattern on 
the 525/60 picture is therefore coarser than that on the 625/50 picture: this accounts 
for the 2 dB increase of protection ratio required by the 525/60 signal at 7' 8 kc/s 
offset o 



4o STMMARY OP RBSimPS AND CONCLUSIONS 

The primary patterns are the most obvious components of interference effects^ 
They can be reduced in visibility by using as large an offset frequency as possible 
in order to produce a pattern structure as fine as is possible with the wanted system,, 
Even with close offsets a considerable reduction in visibility can be achieved if 
full advantage is taken of the fine pattern obtained by using offsets near to integral 
multiples of half the wanted line— scan frequencyo 

If the offset cannot be controlled to maintain a stability of less than one 
or two cycles per second, the lowest protection would be required by the system having 
the largest number of lines per field,, The effect of increasing the field frequency 
is to increase the vertical dimensions and therefore the visibility of any particular 
patteruo 
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Fig. 16 =• Protection ratios requl red by 625/50 and 525/60 displays for C.W, interference 

The best results obtainable with, close offsets occur with the use of 
precision offsets near to l/3j 2/3, 4/3, etCo of the wanted line-scan frequency,, 
Itis enables advantage to be taken both of the vertical resolution and of the storage 
of the human optical system, which permits partial cancellatioa by successive reversal 
of pattemso 

When full advantage of these effects has been taken, the predominant 
components of the interference patterns are the secondary patterns caused by the 
inherent non-linearity in the receivero In these conditions the use of negative 
modulation for the wanted system has some advantage. The limiting protection ratios 
required for the secondary patterns in conditions where the primary patterns have 
been reduced to a low visibility arec 

(a) With positive modulation on the wanted system, 27 dB if the signals have 
different line— scan frequencies or are not locked to the same mains 
frequency; 25 dB if the signals have the same line-scan frequency and 
are locked to the same mains frequency^ 28 dB if the interference is 
an amplitude-modulated sound signal „ 

(b) For negative modulation of the wanted signal, these ratios can be reduced 
by as much as 5 dB= 



21 

Advantage can be taken of these limiting protection ratios only when the 
primary pattern has been made relatively invisible by the use of a large offset or, 
in some cases, by a precision offset. If the interfering signal is the a.m. sound 
of a television transmission, it is usual to quote the protection ratios in terms 
of the two vision-carrier amplitudes. In this case, the ratios for the a.m. sound 
signals quoted above should be reduced by the number of decibels by which the 
interfering carrier (peak) exceeds the interfering sound carrier. 
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